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Table S1. Crystal and Structure Refinement Data for compound 1, 2 and 3.

1 2 3

Empirical 
formula

C84H62Cl16Cu12N
58O16

C33H25Cu3ON38 C10H6CuN12

Formula weight 3469.72 1160.53 357.81

Temp. (K) 291 295 296

MoKɑ 0.71073 0.71073 0.71073

Crystal system Cubic Triclinic Monoclinic

Space group Fm-3c P -1 P 21/c

a, Å 60.758(1) 9.279(1)                     9.715(1)

b, Å 60.758(1) 12.302(2) 6.900(1)

c, Å 60.758(1) 12.377(2) 9.955(1)

a (°) 90.00 61.304(3) 90

β (°) 90.00 86.912(3) 90.104(3)

γ (°) 90.00 88.272(4) 90

V, Å3 224291.4(5) 1237.6(4) 667.3(1)

Z 24 1 2

ρcalc Mg/m3 - 1.557 1.781

μ, mm-1 0.810 1.350 1.658

F(000) 41280 584 358

Refl. collected 322062 6201 4557

Independent refl. 8850/6309 4299/2859 1293/1229

Final R indices 
(R1)

0.0557 0.0638 0.0259

(all data) wR2 0.1290 0.1538 0.0855

GOOF 1.025 0.985 1.045



Figure S1. Truncated cube-shaped cages with square-shaped windows formed in 1, the largest 
separation between octahedrons is 32 Å, the square-shaped windows is 13.6×13.6 Å taking 
van der waals radii into consideration (Cu, light blue; C, black; H, grey; N, dark blue; O, red; 
Cl, green).
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Figure S2. The PXRD patterns of simulated and as-synthesized crystals left in air for 3 
minutes of 1 (the porous structure of 1 collapse upon losing solvent guests when left in air).



Scheme S1. All the tri-topic tetrazolate ligands used in this and reported work.

Table S2. Summary of MOFs based on tri-topic tetrazole-based ligands and transitional 

metals.

Liganda Metal Space group Structure Referenc
e

ttz CuII F m-3c 3D framework of ‘the’ 
topology

this work

tpa MnII R -3c double layer [1]
ttpb CuII, CdII R -3 double layer [2]
tpb CuII P m-3m 3D framework of ‘the’ 

topology
[3]

tpt CuII, MnII I m-3m 3D framework of ‘the’ 
topology

[3]

btt
CuII, MnII, CrII, FeII,
NiII, CoII, CdII, ZnII 

P m-3m
3D framework of ‘the’ 
topology

[4-10]

a A diagram of these ligands is shown in Scheme S1.



Figure S3. Side view and top view of the layer structure of JUC-130.

Table S3. A summary of reported MOFs based on pmtz ligand and transition metals.
2 3 4R 5R§ 6R 7R 8R

Formula
Cu3(pmtz)6

·DMF
Cu(pmtz)2

Co(pmtz)2,  

Fe(pmtz)2, 

Ni(pmtz)2, 

Zn(pmtz)2,

Cu2(pmtz)3

·H2O§
Cu4(pmtz)4 Cd(pmtz)2 Cd(pmtz)2

Crystal 

system
Triclinic

Monoclini

c

Orthorhom

bic
Trigonal

Orthorhom

bic
Tetragonal Tetragonal

Space 

group
P -1 P 21/c P bca R -3c  P bcn  P 42/nnm I 41/amd 

a, Å 9.279(1)                     9.715(1) 8.229(6) 17.967(3) 20.535(6) 9.055(3) 6.469(3)

b, Å 12.302(2) 6.900(1) 9.348(7) 17.967(3) 12.631(4) 9.055(3) 6.469(3)

c, Å 12.377(2) 9.955(1) 17.89(1) 42.438(9) 11.271(3) 15.780(1) 32.80(3)

a (°) 61.304(3) 90 90 90 90 90 90

β (°) 86.912(3) 90.104(3) 90 90 90 90 90



γ (°) 88.272(4) 90 90 120 90 90 90

V, Å3 1237.6(4) 667.3(1) 1377.1(8) 11864(1) 2923(1) 1294.1(1) 1372.8(1)

Z 1 2 4 6 4 4 4

Porous/non

porous
27% nonporous nonporous 25% nonporous nonporous nonporous

§ The copper atom in 5R is not CuII, the valence state was not reported.

Figure S4. Top left: Coordination environment of metal center in 4R. Top right: Layer 
structure in 4R with adjacent pmtz molecules orthogonal to each other. Bottom: The packing 
of layers in 4R (metal, brown; C, grey; H, green; N, dark blue).



Table S4. A summary of metal-nitrogen bond lengths in 2, 3, and 4R.§

2 3 4R

Cu(pmtz)2 Cu(pmtz)2 Zn(pmtz)2 Co(pmtz)2 Fe(pmtz)2 Ni(pmtz)2

B.L.a 

(Å)
2.394, 2.422 2.518 2.193 2.129 1.968 2.089

B.L.e 

(Å)
1.958~2.091 1.985~2.055 2.114~2.169 2.090~2.149 1.958~1.995 2.054~2.098

§ Please find related references in the main text.
B.L.a = Bond length in the axial direction; B.L.e = Bond length in the equatorial plane.

Figure S5. Left: There are pmtz ligands in the in-plane and ligands in the out-of-plane mode in 
2. Middle: pmtz ligands are all in the out-of-plane mode in 3. Right: pmtz ligands are all in the 
in-plane mode in 4R. (C, dark grey; H, light grey; N, indigo; O, red; Cu, purple, metal in 4R, 
brown)
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Scheme S2. Coordination modes of tetrazole group in 1 (a), 2 and 3 (b). (M is for metal).
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Figure S6. Isotherms of CO2 for 2 collected using the equilibrium time of 45 and 60 seconds 
(Hysteresis loop was observed in both isotherms but became smaller as equilibrium time 
increase, this fact proved that the hysteresis was cause by slow equilibration of CO2 in the 
adsorbing and desorbing processes).

IAST Analysis of the selectivity data in compound 2. 

Ideal adsorbed solution theory (IAST)11 was used to determine the selectivity factor, S, 

for binary mixtures using pure component isotherm data. The selectivity factor, S, is defined 

according to Equation 1 where xi is the amount of each component adsorbed as determined 

from IAST and yi is the mole fraction of each component in the gas phase at equilibrium. The 

IAST adsorption selectivities were calculated for CO2/N2 binary mixtures of compositions 

(50:50) at 273 K and a total pressure of 1.0 bar. 

             (1)
𝑆=

𝑥1/𝑦1
𝑥2/𝑦2
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Fig. S7. The dual-site Langmuir-Freundlich fitting for CO2 and N2 adsorption isotherms in 2 
at 273 K.

Figure S8. Coordination environment of copper atom in 5R, Cu2(pmtz)3·H2O. Right: Layer 
structure in 5R (Cu, purple; C, grey; H, green, N, dark blue; O, red).



Figure S9. Top left: Coordination mode of pmtz ligand and coordination environment of CuII 
in 6R (Cu4(pmtz)4. Top right: Top view of the 1D chain structure in 6R. Bottom: Side view of 
the 1D chain structure in 6R (Cu, purple; C, grey; H, green, N, dark blue).

Figure S10. Left: The coordination environment of CdII and coordination mode of pmtz in 7R, 
Cd(pmtz)2. Right: The layer structure in 7R (Cd, cyan; C, grey; H, green, N, dark blue).

Figure S11. Top left: The coordination environment of CdII and coordination mode of pmtz in 
8R. Top right: The layer structure in 8R. Bottom: A perspective view of packing of layers in 
8R (Cd, cyan; C, grey; H, green, N, dark blue).
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